














































































TITANIUM OR  CADMIUM  ;  =  AT  AN  EXTREMELY  SMALL  SCALE  TO 
USE  THEIR  NEW  PHYSICOCHEMICAL  PROPERTIES  ;=  4HE  SIZE 
OF  NANOPARTICLES  IS  INCLUDED  BETWEEN    AND  NM  4HEIR 
COMPOSITION  FORM  AND  SIZE  VARY  A  LOT  ALONG  WITH  THEIR 
APPLICATIONS  )N  FACT  NANOPARTICLES  ARE  FOUND  EVERYWHERE 
AS NANORODS NANOSPHERES OR NANOTUBES  IN OUR COMPUTERS 
COSMETICS  AND  EVEN  IN  THE  AIR WE  BREATHE  ;  =  (OWEVER 
DESPITE THEIR PROMISING EXPANSION NANOPARTICLE LOSSES IN THE 
AIR SOILS OR MORE SPECI½CALLY IN AQUATIC ECOSYSTEMS HAVE YET 
TO  BE  ASSESSED  $ESPITE  THE  CONSTANT  RAISE  OF  THEIR  RELIEFS 















'OLD NANOPARTICLES  !U.P	 USED  IN  THESE EXPERIMENTS WERE 
PREPARED  BY  CITRATE  REDUCTION METHOD  OPTIMISED  FROM  THE 
NOW CLASSICAL PROTOCOL OF 4URKEVICH ET AL ;= IN ORDER TO OBTAIN 
 NM DIAMETER  NANOPARTICLES WITH  A  HIGHLY MONODISPERSE 













BEARING A THIOL  3(	 GROUP  IN W POSITION AND AMINE  .(	 
GROUP  IN A  POSITION WAS  CARRIED  OUT  FOLLOWING  THE METHOD 
PREVIOUSLY DESCRIBED ;PATENT= )N FEW WORDS THE COUPLING OF 
0%/ MACROMOLECULES CAN BE SUMMARIZED AS FOLLOWS &IRST A 

















ATOMS  GUARANTEEING  THE  NANOPARTICLE  SURFACE  SATURATION 
BY  POLYMER  CHAINS  4HE  NANOPARTICLES  WERE  INCUBATED  IN 
THIS  MEDIUM  OVERNIGHT  AND  PROTECTED  FROM  LIGHT  !FTER 
REDUCING OF THE VOLUME OF THE SOLUTION BY ROTARY EVAPORATOR 
THE  EXCESS  OF  HETEROBIFUNCTIONAL  0%/S  WAS  ELIMINATED  BY 
ON THE ENVIRONMENT ARE SCARCE ; = -OREOVER CONSIDERING 











!T  THE NANOMETRIC  SCALE GOLD ACQUIRES NOVEL  SPECTROSCOPIC 
AND  ELECTROMAGNETIC  PROPERTIES  &OR  INSTANCE  THESE 
NANOPARTICLES HAVE AN ABSORBENCY PEAK AT  NM DUE TO 
THE  PLASMONIC  RESONANCE  OF  SURFACE  GOLD  ATOMS  &OR  ONE 
SPECI½C SIZE  THEIR OPTICAL DENSITY  IS DIRECTLY PROPORTIONAL  TO 
THEIR CONCENTRATION -OREOVER THEY ARE ELECTRONICALLY DENSE 
DUE  TO  THEIR  ELEVATED  EXTINCTION  COEF½CIENT  ALLOWING  THEIR 
DETECTION  BY  TRANSMISSION  ELECTRON  MICROSCOPY  ;=  4O  OUR 
KNOWLEDGE AND DESPITE THE KNOWN ABILITIES OF THESE PARTICLES 
COATED  WITH  AMINED  RESIDUES  TO  ENTER  THE  CELLS  ;    = 






MATTER  AND  TO  THEIR  ELEVATED  3URFACE6OLUME  RATIO  THESE 
PHYTOPLANKTONIC ORGANISMS CAN SUFFER FROM IMPORTANT DIRECT 
CONTAMINATIONS 4HE GREEN ALGA 3CENEDESMUS SUBSPICATUS IS 








IMPORTANT  VENTILATORY ACTIVITY  FOR NUTRITIONAL  AND  RESPIRATORY 
PURPOSES ;  =
4HESE  ARE  THE  REASONS  WHY  WE  DECIDED  TO  EXPLORE  THE 

















MAXIMAL  SHELL  LENGTH  .O  FOOD  WAS  SUPPLIED  DURING  SEVEN 
DAYS  BEFORE  THE  START  OF  THE  EXPERIMENTS  TO  ENSURE  ACTIVE 
VENTILATION  AND  DIGESTION  DURING  THE  TROPHIC  CONTAMINATION 
PERIODS 4HEN TWO BIVALVES WERE PLACED IN EXPERIMENTAL UNITS 





ML	  IS  NOT  LIKELY  TO  MODIFY  THE  VENTILATION  ACTIVITY  OF  THE 
BIVALVES ;= -OREOVER ALGAE WERE MAINTAINED IN SUSPENSION 
BY CONSTANT AGITATION OF THE WATER VIA A MAGNETIC ROTATOR 4HE 








4O  ASSESS  !U.P  BIOACCUMULATION  RATES  IN  BIVALVES  GOLD 
DOSAGES  WERE  EXECUTED  BY  -3)#0  -ASS  3PECTROMETRY 
¯  )NDUCTIVELY  #OUPLED  0LASMA	  PROCESSES  BY  THE  4ALENCE´S 
'%-!  TEAM  AS  DESCRIBED  IN  3CHiFER  ET  AL    ;= 
ON  MINERALIZED  GILLS  AND  VISCERAL  MASS  CONTAINING  THE 
DIGESTIVE  TRACT  THE  DIGESTIVE  GLANDS  THE  STOMACH  THE 
GONADS¨	 OF EACH BIVALVE )N FACT AFTER DISSECTION AND STORAGE 
AT  #  GILLS  AND  VISCERAL MASS WERE WEIGHTED  IMMERSED 
IN  HIGH  CONCENTRATED  NITRIC  ACID  	  HEATED  THREE  HOURS 
AT  #  AND  DILUTED  IN  DEMINERALIZED  WATER  TO  OBTAIN 
MINERALIZED SAMPLES
CENTRIFUGATION    RPM NAMELY  G   MIN  #	 
USING AN ULTRACENTRIFUGE /PTIMA4- OF "ECKMAN #OULTER4-	 
3EVERAL  CYCLES  OF  WASHING  WITH  ULTRAPURE  WATER  HAVE  TO 
BE  CARRIED  OUT  SO  THAT  THE  MAXIMUM  RESIDUAL  POLYMER 
CONCENTRATION  DOES  NOT  EXCEED    MOL,  !T  THE 
LAST  CENTRIFUGATION  AMINATED  GOLD  NANOPARTICLES  ARE 




3CENEDESMUS  SUBSPICATUS  IS  A  GREEN  FRESHWATER MICROALGA 
COMMONLY  FOUND  IN  LAKES  AND  RIVERS  ;=  4HIS  UNICELLULAR 
ALGA  BELONGS  TO  THE  CHLOROPHYCEA  FAMILY  AND  IS  CURRENTLY 
USED  IN  AQUATIC  ECOTOXICOLOGICAL  NORMALIZED  TESTS  ON 
PESTICIDE TOXICITY
#ORBICULA  ¾UMINEA  IS  A  FRESHWATER  CLAM  WHICH 
ARRIVED  IN  &RANCE  DURING  THE  ´S  FROM  THE  5NITED  3TATES 
BUT  ORIGINATED  FROM  *APAN  ;=  )T  IS  AN  INVASIVE  SPECIES 




NUMERATED USING A .AGEOTTE  CELL !  VOLUME OF  THIS  CULTURE 
WAS CENTRIFUGED AND CELLS WERE DILUTED WITH URBAN FRESHWATER 
4ALENCE  &RANCE	  TO  OBTAIN  A  NEW  SOLUTION  OF  X  CELLS
ML ML OF THIS SOLUTION WERE SET IN ½VE POLYPROPYLENE TUBES 
ML OF CAPACITY	 AND CONTAMINATED WITH ½VE CONCENTRATIONS 
OF  !U.P  WITHOUT  REPLY    !U.PCELL  AS  NEGATIVE  CONTROL 
X!U.PCELL  .PX	  X!U.PCELL  .PX	 








      !'#!4!'##4#!'''#! B
CAT     %&  ##44#!'4'#'4!'4#4'' A 
      ##4'44#4#4'!##'4'' B
COX    !&  '44'!'!'4''4'#4''' A
      4'4!'4##'!!44!'#4444'#' B
GST     %&  '##!''#4!4##'#4!4#4 A
      4'4##!##444!'''##4# B
MT    %&  #''#4!4#4###'#'! A
      !'#4444!##!'!!##!!!#!'4 B
SOD-N    %&   #4'4!''4!'4!!'#'4'#4## A
      ''!4#!444'!#'!'!4'!!''# B
2.!S   %&  !'#!44!#4!4'44!#'!#44!##4#! A
      !'44#!''4!'!#'4'4!''' B
'OLD "ULLETIN    
  !LGA CONCENTRATION MEASUREMENTS








A HIGH EXTINCTION COEF½CIENT MAKING  THEM  IMPENETRABLE  TO 




G #	 AND DISSOLVED  IN  THE  SAME ½XING  SOLUTION  FOR 
( AT # 4HE ½XED BIVALVES AND ALGA CELLS WERE THEN WASHED 
THREE  TIMES  USING  A  SOLUTION  OF  CACODILATE  BUFFER  -	 
AND  .A#L  	  !LGAE  WERE  RECOVERED  BY  CENTRIFUGATION 
AND  INCLUDED  IN  AGAR  GELS  "IVALVES  AND  GELS  WERE  PLACED 
IN  A  POST½XING  SOLUTION  OF  OSMIUM  TETROXYDE  	  AND 
CACODILATE BUFFER  -	  FOR  (  AND DRIED WITH  INCREASING 
CONCENTRATIONS OF ETHANOL AND PROPYLENE OXIDE 4HEN  THEY 
WERE  DIPPED  INTO  RESIN  SOLUTIONS  ARALDITE	  OF  INCREASING 
CONCENTRATIONS EMBEDDED IN PURE RESIN AND HEATED AT # 
FOR  DAYS  RESIN POLYMERIZATION	 &INALLY  SEMI AND ULTRATHIN 









4HANKS  TO  THEIR  NUMEROUS  CYSTEIN  RESIDUES  -4S  INTERACT 
WITH  METALLIC  IONS  IN  ORDER  TO  PROTECT  CELLS  AGAINST  THEM
4HIS PECULIARITY IS USED TO MEASURE THEIR CONCENTRATION !FTER 
DISSECTION  AND  STORAGE  AT  #  IN  A  SATURATED  NITROGEN 
ATMOSPHERE GILLS AND VISCERAL MASS WERE WEIGHTED IMMERSED 
IN  4RIS  BUFFER  M-	  AND  GROUND  ON  ICE  IN  A  SATURATED 
NITROGEN  ATMOSPHERE  "LENDED  SAMPLES  WERE  CENTRIFUGED 


























200 400 600 800
Time (min)


















































THE  BACTINE  GENE  EXPRESSION  AS  REFERRAL  4OTAL  2.!S  WERE 
EXTRACTED  FROM  MG  OF  GILLS  AND  VISCERAL MASS  STORED  IN 
L  OF  ±2.!  LATER²  BUFFER  1UIAGEN	  AT  #  USING  THE 
!BSOLUTELY 2.! 240#2 -INIPREP KIT  3TRATAGENE	  ACCORDING 
TO  THE  MANUFACTURER´S  INSTRUCTIONS  &IRSTSTRAND  C$.!  WAS 
SYNTHESIZED  FROM    G  TOTAL  2.!  USING  THE  3TRATASCRIPT 
&IRST3TRAND  3YNTHESIS  3YSTEM  3TRATAGENE	  ACCORDING  TO 
THE  MANUFACTURER´S  INSTRUCTIONS  4HE  C$.!  MIXTURE  WAS 
CONSERVED AT ¯# UNTIL IT WAS REQUIRED FOR USE IN REALTIME 
0#2  REACTION  4HE  ACCESSION NUMBERS OF  THE  USED GENES 
ARE REPORTED IN 4ABLE  &OR EACH GENE SPECI½C PRIMER PAIRS 
WERE  DETERMINED  USING  THE  ,IGHT#YCLER  PROBE  DESIGN 
SOFTWARE  VERSION    2OCHE	  !LL  THESE  PRIMER  PAIRS  ARE 
REPORTED IN 4ABLE 
!MPLI½CATION  OF  C$.!  WAS  MONITORED  USING  THE  $.! 
INTERCALING  DYE  3YBER'REEN  )  2EALTIME  0#2  REACTIONS 
WERE  PERFORMED  IN  A  ,IGHT#YCLER  2OCHE	  FOLLOWING  THE 














"EFORE  ANY  ECOTOXICOLOGICAL  EXPERIMENTS WE WANTED  TO  BE 
ACQUAINTED  WITH  THE  STABILITY  OF  THE  AMINECOATED  NM 
GOLD  NANOPARTICLES  IN  AQUEOUS  SOLUTIONS  /PTIC  DENSITY 
MEASUREMENTS  NM	  WERE  CARRIED  OUT  WITH  URBAN 
FRESHWATER  FROM  TWO  DIFFERENT  ORIGINS  AND  WITH  ULTRAPURE 
WATER  3OME  MICROLITERS  OF  OUR  !U.P  SOLUTION  WERE  JUST 
DILUTED  IN EACH KIND OF WATER AND THE /$´S NM	 KINETIC 
EVOLUTION WAS MEASURED 
!S  SHOWN  ½GURE    ULTRAPURE  WATER  /$  DID  NOT  CHANGE 
DURING THE TEST AND THAT OF 4ALENCE´S WATER DECREASED SLIGHTLY 









IN  THEIR  CELL  CONCENTRATIONS WHILE  THE  CONTROL  UNIT  RESUMED 
GROWTH AFTER  THE ½RST H OF  THE EXPERIMENT (OWEVER  THE 
CELL  CONCENTRATION  OF  THE MOST  CONTAMINATED  UNIT  .PX	 
DECREASE  MORE  BRUTALLY    OF  MORTALITY  AFTER  H	  THAN 
THE  OTHERS  .PX  .PX  .PX	  WHICH  HAD  THE  SAME 











4HE  CONTROL  AND  THE  LESS  CONTAMINATED  UNITS  CONTAINED  A 
LOT  OF  COLONIES  &IG    A	  WHICH MEANS  A  GOOD  GROWTH  BY 
CELL  DIVISION  ;= #ONVERSELY  THE OTHER  CONTAMINATED UNITS 
.PX TO .PX	 CONTAINED A FEW OF COLONIES AND CELL WALLS 
WERE  TINCTURED  &IG  B	  4HESE PINK  TINCTURES WHICH WERE 
INCREASING  AT  THE  SAME  PACE  AS  THE  !U.P  CONCENTRATIONS 








MICROSCOPY  IN  ORDER  TO  BRING  TO  LIGHT  THE  PROCESS  OF  !U.P 
TOXICITY #ONTROL ALGAE HAD A NEAT SHAPE WITH WELL DELINEATED 
ORGANITS &IG  A	 WHILE THE MOST CONTAMINATED ALGAE .PX 
AND  .PX	  SHOWED  CELL  SUFFERING  CLUES  AND  LOTS  OF  !U.P 
ADSORBED ON THE CELL WALL &IG  B AND C	 -OREOVER A ZOOM 
IN  ON  THE  CELL WALL  SHOWED  THAT  !U.P  COULD  PENETRATE  THE 
TRILAMINAR  LAYER  TO BE  ADSORBED ON  THE  CELLULOSIC  LAYER  &IG 





%XAMINATIONS  OF  STOMACH  CONTENTS  SHOWED  THAT  WHOLE 
INGESTED ALGAE WERE DIGESTED AT THE END OF THE EXPERIMENTS 
4ARGETED ORGANS  FOR  THE MICROSCOPIC OBSERVATIONS WERE  THE 
GILLS  AND  THE  DIGESTIVE  TRACT  SINCE  IN  ½LTER  ORGANISMS  THEY 
ARE  THE  ½RST  ORGANS  IN  CONTACT  WITH  TOXIC  ELEMENTS  4%- 
EXAMINATIONS  DID  NOT  REVEAL  ANY  STRUCTURAL  DISTURBANCE  OF 
BRANCHIAL AND DIGESTIVE TISSUES (OWEVER THEY DEMONSTRATED 
THE ABILITY OF !U.P TO PENETRATE THOSE EPITHELIA 
$URING  THE  ½RST  PART  OF  THE  EXPERIMENT  !U.P  WERE 
DETECTED  CLOSE  TO  APICAL  LASHES  OF  THE  STOMACH  EPITHELIA 
INSIDE THOSE CELLS &IG  A	 AND IN THEIR NUCLEUS %VEN IF SOME 
!U.P WERE OBSERVED NEAR THE BASAL SIDE OF EPITHELIAL STOMACH 
CELLS  NO  PARTICLES  COULD  BE  DETECTED  BEYOND  THOSE  CELLS 
#ONTRARILY TO !U.P FOUND IN STOMACHIC CELLS THOSE DETECTED 
IN GILLS WERE NEITHER  LOCATED  IN CYTOPLASM NOR  IN NUCLEI BUT 





















OF  THE  CONTROLS WERE  LOWER  THAN  THE  DETECTION  LIMIT  OF  THE 
MACHINE  4HUS  DATA WERE  ROUNDED  TO    AND  COULD  NOT  BE 
STATISTICALLY COMPARED TO THOSE OF THE CONTAMINATED MOLLUSKS 
%VEN  SO  GOLD  CONCENTRATIONS  OF  THE  LOW  CONTAMINATED 







/N  THE  ONE  HAND  WEAKLY  AND  MODERATELY  CONTAMINATED 




.PX	  COMPARED  TO  CONTROLS  CONTROL  B	  4HE  INDUCTION 
FACTORS WERE RESPECTIVELY  AND  ,AST BUT NOT  LEAST 









































  #ONDITIONS  .PX  .PXA  .PXB  .PX
'ILLS  CAT        
  SOD-N        
  GST        
  MT        
  COX        
  2.!S        
 
6ISCERAL  CAT        
MASS  SOD-N        
  GST        
  MT        
  COX        








/N  THE  OTHER  HAND  DURING  THE  SECOND  PART  OF 
THE  EXPERIMENT  THE  PRESENCE  OF  THE  !U.P  CAUSED 
SIGNI½CANT  REPRESSIONS  OF  THE  SUPEROXIDE  DISMUTASE 
X	  GLUTATHION  3  TRANSFERASE  X	  AND  CYTOCHROME 
#  OXIDASE  X	  GENE  EXPRESSIONS  IN  GILLS  AND  INDUCTIONS 
OF  THE  CATALASE  GENE  X	  IN  VISCERAL  MASS  OF  MODERATELY 





(IGH MORTALITY  RATES  HAPPENED  DURING  THE  DIRECT  EXPOSURE 
OF  ALGAE  TO  AMINECOATED  NM  GOLD  NANOPARTICLES  4HE 
LETHAL  DOSE  OF    WAS  REACHED  AFTER  A  H  EXPOSURE  TO 
X!U.PCELL  %VEN  SO  SINCE  THE  CONTAMINATED  UNITS 
.PX  TO  .PX  FOLLOWED  THE  SAME  MORTALITY  OUTLINE  THE 
IMPACT OF !U.P ON 3  SUBSPICATUS DO NOT  SEEM TO  RESPECT 
















































































HAVE  SHOWN  THAT  GOLD  NANOPARTICLES  EXERT  TOXICITY  AGAINST 
HUMAN  RED  CORPUSCLES  AND  THE  BACTERIA  %SCHERICHIA  COLI  BY 
THEIR ADSORPTION WHILE THAT OF AMINECOATED GOLD NANOPARTICLES 
IS DUE TO THE DEGREE OF SURFACE CHARGES ;= (OWEVER OTHER 




%XAMINATIONS  OF  THE  DIGESTIVE  CONTENTS  OF  BIVALVES  SHOWED 
THAT  ALGAE  WERE  INGESTED  AND  DIGESTED  AT  THE  END  OF  THE 




BARRIERS  OF  #  ¾UMINEA  %VEN  SO  !U.P  HAD  VARIOUS  CELLULAR 
LOCALIZATIONS  INSIDE THE DIGESTIVE TRACT CELLS  )N THE ½RST PART 
OF THE EXPERIMENT !U.P HAD PENETRATED THE STOMACH CELLS 
WITHOUT  ANY  PREFERENTIAL  DISTRIBUTION  CYTOPLASM  NUCLEUS	 
WHILE  IN  THE  SECOND PART !U.P DID NOT ENTER  THE  STOMACH 
CELLS  BUT  THE  EPITHELIAL  CELLS  OF  THE  DIGESTIVE  GLANDS  AND 
WERE  ONLY  LOCALIZED  IN  LYSOSOMIAL  VESICLES  4HIS  DISCREPANCY 
OF  HISTOLOGICAL  AND  CELLULAR  DISTRIBUTIONS  MAY  BE  DUE  TO  A 
¾UCTUATION  IN  THE DIGESTIVE  SPEED AND  INTENSITY  )N  THE ½RST 
TIME  THE  EXTRACELLULAR  STOMACH  DIGESTION  ;  =  MAY 
HAVE  BEEN  SLOWER  THAN  IN  THE  SECOND  TIME  3O  IN  THE  ½RST 






AND  THEIR  LOCALIZATIONS WERE  IDENTICAL !U.P WERE DETECTED 
IN  SPECIAL  CELLULAR  STRUCTURES  INDENTI½ED  AS  VESICLES  "UT 
THESE  VESICLES  COULD  NOT  BE  OBSERVED  AT  THE  SAME  LEVEL  IN 
CONTROL  BRANCHIAL  CELLS  3O  THERE  CONSTRUCTION  SEEMS  TO BE 
LINKED  TO  THE  PRESENCE  OF  !U.P  INSIDE  THE  CELLS  %VEN  SO 
AS  THE !U.P´S  ENTER  PROCESS  COULD  NOT  BE OBSERVED  IT  STILL 
REMAINS  TO  BE  ESTABLISHED  WHETHER  THESE  VESICLES  ARE  THE 
CAUSE OR THE EFFECT OF THE !U.P´S PENETRATION 4HUS IF !U.P 
WERE  ENDOCYTATED  OR  PINOCYTATED  THE  VESICLES  WERE 
CONSTRUCTED BY THE  INVAGINATION AND PARTING OF THE PLASMIC 
MEMBRANE  AND  TRANSPORTED  INTO  THE  CYTOPLASM  )F  !U.P 
PENETRATED  CELLS  VIA  DIFFUSION  OR  MEDIATED  BY  CONVEYORS 
OR  TRANSMEMBRANE  CHANNELS  VESICLE  GENESIS  COULD  BE 
A  DEFENSIVE  DEVICE  AIMING  TO  PROTECT  CELLS  BY  !U.P 
SEQUESTRATION  3EVERAL  STUDIES  ARE  IN  AGREEMENT WITH  THESE 
CONCLUSIONS  AND  SHOW  THAT  !U.P  ARE  ABLE  TO  PENETRATE 
HUMAN  LEUCOCYTES  VIA  ENDOCYTOSE  PROCESS  ;=  AND  THAT 
THEY ARE LOCALIZED IN LYSOSOMIAL VESICLES AFTER PENETRATION OF 
MACROPHAGES  ;= -OREOVER  EPITHELIAL  CELLS  OF #  ¾UMINEA 
ARE  ABLE  TO  GENERATE  LYSOSOMIAL  VESICLES  IN  RESPONSE  TO  A 
METAL CONTAMINATION ;=
  "IOACCUMULATION IN BIVALVES
-3)#0  MEASUREMENTS  OF  GOLD  CONCENTRATIONS  IN  BIVALVES´ 
GILLS AND VISCERAL MASS WERE DONE  IN ORDER  TO  LOOK OVER  THE 
MICROSCOPIC  EXAMINATIONS  WHICH  SHOWED  THE  PRESENCE  OF 
GOLD  IN  THESE  ORGANS  AND  TO  ASSESS  THE  BIOACCUMULATION 
RATES  IN  #  ¾UMINEA  'OLD  PRESENCE  COULD  BE  CERTI½ED  IN 








DID  NOT  SHOW  ANY  DIFFERENCE  IN  THE  GENETIC  EXPRESSIONS  OF 







MT  AND  THE  SOD-N GENES WERE  INDUCED  SIGNI½CANTLY  4HE 
3/$-N PROTEINS ARE KNOWN TO BE OVEREXPRESSED DURING AN 
OXIDATIVE STRESS ; = SINCE THEY REDUCE SUPEROXIDE IONS INTO 
LOWER  TOXIC  ELEMENTS -OREOVER  IT  HAS  BEEN DEMONSTRATED 
THAT METALLOTHIONEINS ARE ABLE VIA THIOLFUNCTIONS TO SECLUDE 
SEVEN DIVALENTMETALLIC IONS IN MAMMALIAN CELLS ;= AND THAT 
THEIR  GENE´S  PROMOTER  CONTAINS  SEVERAL  REGULATOR  ELEMENT 
-2%	 REACTING TO METALLICALLYACTIVATED TRANSCRIPTION FACTORS 
-4&	  ;=  4HUS  THE  PRESENCE  OF  GOLD  NANOPARTICLES  IN 
BRANCHIAL  CELLS  HAS  BROUGHT  ON  AN  OXIDATIVE  STRESS  %VEN 
SO  IT WAS  NOT  POSSIBLE  TO  KNOW WHETHER  THE GOLD  EFFECT  IS 
LINKED  TO  NANOPARTICLES  OR  GOLD  IONS  )NDEED  IT  HAS  BEEN 




VESICLES  WHERE  P(  IS  LOW  .EVERTHELESS  LYSOSOMIAL  P(  DID 
NOT  SEEM  TO BE  LOW ENOUGH  TO  ENTIRELY  FADE NANOPARTICLES 
BUT  JUST  ENOUGH  TO  PICK  UP  NANOPARTICLE´S  COATINGS  )N  THIS 
CASE  THE  OXIDATIVE  STRESS  AND  THE  EXPRESSION  INDUCTIONS  OF 
MT AND SOD-N GENES MAY NOT HAVE BEEN PROVOKED BY GOLD 
IONS  BUT  BY  FREE  GOLD  NANOPARTICLES  (OWEVER  THE  PROTEIC 
METALLOTHIONEIN  RATES  IN  THESE  BIVALVES  WERE  EQUIVALENT 
TO  THOSE  OF  THE  CONTROLS  4HIS  IS  AMAZING  SINCE  WHEN 
GENETIC  EXPRESSION  IS  INDUCED  A  PROTEIC  RAISE  IS  EXPECTED 
.EVERTHELESS  IT  HAS  BEEN  DEMONSTRATED  THAT  A  TEMPORAL 
GAP COULD HAPPEN BETWEEN THE TIME OF GENETIC EXPRESSION 







ACTIVITY  LINKED  TO  A  DECREASE  OF  THE  RESPIRATORY  RATE  "UT 
MITOCHONDRIA  REPRESENT  THE MAJOR  SPOT  OF  REACTIVE  OXYGEN 
SPECIES´  PRODUCTION  )N  ALL  LIKEHOOD  BIVALVES  OF  THE  SECOND 
'OLD "ULLETIN    
PART OF THE EXPERIMENT MUST HAVE HAD FASTER VENTILATORY AND 
DIGESTIVE  ACTIVITIES  THAN  THOSE  OF  THE  ½RST  PART  4HUS  AFTER 





THE  GST  EXPRESSION WAS MODI½ED  COMPARED  TO  THE  CONTROLS 
'34  PROTEINS  ARE  EXPECTED  TO  BE  PRODUCED  IN  PRESENCE  OF 


























BE  OBSERVED  IN MODERATELY  AND  HIGHLY  CONTAMINATED  BIVALVES 
.PX B AND .PX	 )T CAN BE EXPLAINED BY THE EMERGENCE OF 
AN OXIDATIVE STRESS DUE TO THE PRESENCE OF HYDROGEN PEROXIDES 








4HIS  STUDY  HAS  SHOWN  THE  CONSIDERABLE  TOXICITY  OF  AMINE
COATED NM GOLD NANOPARTICLES AGAINST THE GREEN FRESHWATER 
MICROALGA  3CENEDESMUS  SUBSPICATUS  4HE  LETHAL  DOSE  FOR 
 OF THE POPULATION HAS BEEN REACHED WITH A HEXPOSURE 
AT  X!U.PCELL  -OREOVER  THEIR  TOXICITY  SEEMS  TO  BE 
LINKED  TO  THEIR  ADSORPTION  AND DISTURBANCE OF  THE  CELL WALL 
"ESIDES  IT  HAS BEEN DEMONSTRATED  THAT  THOSE PARTICLES  ARE 
ABLE  TO PENETRATE AND BE BIOACCUMULATED  IN BRANCHIAL  AND 
DIGESTIVE EPITHELIAL  CELLS OF  THE  FRESHWATER BIVALVE #ORBICULA 
¾UMINEA  DURING  A  TROPHIC  CONTAMINATION  EXPERIMENT 




NM  GOLD  NANOPARTICLE  TOXICITY  IN  AQUATIC  SYSTEMS  MUCH 
MORE EXPERIMENTS ARE NEEDED TO STRENGTHEN THE RESULTS "UT 
IN  A  LARGER  VIEW  IT  IS  IMPORTANT  TO  ESTABLISH  PRECISELY  THEIR 
CONCENTRATIONS  AND  BEHAVIORS  IN  THESE  ECOSYSTEMS  AND  TO 
STUDY  THEIR  TOXICOLOGICAL  AND  ECOTOXICOLOGICAL  RISKS  MOSTLY 
LINKED TO THEIR SIZE ; = COMPOSITION CARBONATED SILICEOUS 
METALLIC¨	  SHAPE  NANOSPHERES  NANORODS  NANOTUBES¨	 
AND  COATING  POLYETHYLENE  GLYCOL  CETYLTRIMETHYLAMMONIUM 
BROMIDE¨	 DIVERSITY
!CKNOWLEDGEMENTS
4HE  AUTHORS  THANK  THE  TECHNICAL  TEAM  OF  THE 
.ANOBIOTECHNOLOGY  AND  -OLECULAR  )MAGING  ,ABORATORY 
FOR  ITS  HELP  IN  4%-  OBSERVATIONS  AND  THE  GEOCHEMISTRY 
TEAM  OF  '  "LANC  FOR  THEIR  ASSISTANCE  IN  GOLD  ANALYSES 
!CKNOWLEDEGEMENTS ARE ALSO  FOR  *0  "ERNAULTE WHO HELPED 
FOR THE %NGLISH TRANSLATION
3OPHIE 2%.!5,4  IS A 0H$ STUDENT WHO 
WORKS ON  THE  ±%COTOXICOLOGICAL  STUDY OF 
THE METALLIC  CONTAMINATION  OF  %UROPEAN 
EELS  LIVING  IN THE 'IRONDE ESTUARY²  IN THE 
CONTEXT OF THE .ATIONAL 2ESEARCH !GENCY´S 
PROGRAM  %%,SCOPE  3HE  RECEIVED  HER 
-ASTERS  IN  %COLOGICAL  3YSTEMS  AT  THE 




HER  0H$  IN  %COTOXICOLOGY  AT  THE 
5NIVERSITY  "ORDEAUX    IN    3HE  IS 
CURRENTLY  !SSOCIATE  0ROFESSOR  FROM  THE 
5NIVERSITY  "ORDEAUX    AT  THE  -ARINE 
3TATION  OF  !RCACHON  (ER  RESEARCH 
CONCERNS  THE  CELLULAR  MECHANISMS  OF 
METALS  DETOXI½CATION  AND  THE  ADAPTATIVE  RESPONSE  OF 
AQUATIC  ORGANISMS  AT  THE  PHYSIOLOGICAL  BIOCHEMICAL  AND 
GENETIC SCALES
.ATHALIE  -%3-%2$5$/.3  IS  AN 
ASSISTANT )NGENIEUR SPECIALIZED IN METHODS 
OF  LIGHT  AND  ELECTRONIC  MICROSCOPY  IN 
MARINE  ORGANISMS  3HE  HAS  BEEN  TITULAR 
OF  PROFESSIONAL  LICENCE  IN  %LECTRONIC 
-ICROSCOPY  AND  #ELLULAR  #ULTURES  AT  THE 
UNIVERSITY "ORDEAUX  SINCE  
'OLD "ULLETIN    
0ATRICE  '/.:!,%:  RECEIVED  HIS  0H$ 
IN  MOLECULAR  BIOLOGY  AND  GENETICS  AT 
THE  5NIVERSITY  OF  "ORDEAUX    IN   
(E  IS  CURRENTLY  RESEARCHER  AT  THE  &RENCH 
.ATIONAL  #ENTER  FOR  3CIENTI½C  2ESEARCH 
AT  THE  MARINE  STATION  OF  !RCACHON  (IS 
RESEARCH  FOCUSES  ON  THE  MOLECULAR  AND 
GENETIC  EFFECTS  OF  METALLIC  POLLUTION  ON  AQUATIC  ORGANISMS 
AND THEIR ADAPTATIVE RESPONSE
3TmPHANE -/2.%4  RECEIVED  HIS  0H$ 
IN  PHYSICOCHEMISTRY  OF  CONDENSED 
MATTER  AT  THE  5NIVERSITY  "ORDEAUX    IN 
  (E  IS  CURRENTLY  RESEARCHER  AT  THE 
)NSTITUTE OF #ONDENSED -ATTER #HEMISTRY 
!T THE INTERFACE OF CHEMISTRY AND BIOLOGY 
HIS  RESEARCH  FOCUSES  ON  THE  SYNTHESIS  OF 
MAGNETIC  METALLIC  AND  LUMINESCENT  NANOPARTICLES  THEIR 
SURFACE FUNCTIONALIZATION AND CONJUGATION WITH BIOMOLECULES 
FOR IMAGING AND THERAPY PURPOSES
2EFERENCES
     *& (OCHEPIED AND 6 'UYOT&ERRmOL WWWEPENSMPFRSCPI0UBLI3#0)
NANOCOSMETIQUEPDF 
     ! #HATTERJEE ! 0RIYAM 3# "HATTACHARYA AND ! 3AHA *OURNAL OF 
LUMINESCENCE   	 
     "$ #HITHRANI !! 'HAZANI AND 7# #HAN .ANOLETTERS   	 

     #7 #ORTI 2* (OLLIDAY AND $4 4HOMPSON 7ORLD 'OLD #OUNCIL  
,ONDON 
     "- 2OTHEN2UTISHAUSER 3 3CH~RCH " (AENNI . +APP AND 0 'EHR 
%NVIRONNEMENTAL 3CIENCES AND 4ECHNOLOGIES   
     2 2USSELL AND 2 #RESANTI .ANOSCALE SCIENCE ENGINEERING AND TECHNOLOGY 
SUBCOMMITTEE 
     " -ERCHANT "IOLOGICALS   
     :0 8U 1( :ENG '1 ,U AND !" 9U #HEMICAL %NGINEERING 3CIENCE 
  
     % #ONNOR * -WAMUKA ! 'OLE #* -URPHY AND -$ 7YATT 3MALL 
  	 
    2 3HUKLA 6 "ANSAL - #HAUDHARY ! "ASU 22 "HONDE AND - 3ASTRY 
,ANGMUIR   
    - "AUDRIMONT 3 !NDRES * -ETIVAUD 9 ,APAQUELLERIE & 2IBEYRE  
. -AILLET # ,ATOUCHE AND ! "OUDOU %NVIRONMENTAL 4OXICOLOGY AND 
#HEMISTRY   
    - "AUDRIMONT 3 !NDRES ' $URRIEU AND ! "OUDOU !QUATIC 4OXICOLOGY 
  	 
    $ 4RAN %COLE DOCTORALE DES 3CIENCES DU VIVANT 'mOSCIENCES ET 3CIENCES 
DE L´ %NVIRONNEMENT 5NIVERSITm "ORDEAUX ) 
    0% /LSSON AND 0 ' +LING #OMPARATIVE "IOCHEMISTRY AND 0HYSIOLOGY 
  ! 33
    * +IMLING - -AIER " /KENVE 6 +OTAIDIS ( "ALLOT AND ! 0LECH *OURNAL 
OF 0HYSIC AND #HEMICAL "IOLOGY   
    $- *OHN "! 7HITTON AND !* "ROOK #AMBRIDGE 5NIVERSITY 0RESS  

    * -OUTHON "ASTERIA   
    * 3CHiFER ' "LANC 3 !UDRY $ #OSSA AND # "OSSY !PPLIED 
'EOCHEMISTRY   	 
    ! ,EGEAY - !CHARD*ORIS - "AUDRIMONT *# -ASSABUAU AND *0 
"OURDINEAUD !QUATIC 4OXICOLOGY   ¯
    *$ 0ICKETT(EAPS AND ,! 3TAEHELIN *OURNAL OF 0HYCOLOGY   	 

    #- 'OODMAN #$ -C#USKER 4 9ILMAZ AND 6- 2OTELLO "IOCONJUGATE 
#HEMISTRY   
    " !LLARD -. 2AGER AND * 4EMPLIER /RGANIC 'EOCHEMISTRY   

    ' #ORRE AND # ,ARGEAU 5NIVERSITm 0ARIS 6) 
   # "ASTIEN 5NIVERSITm DU 1UmBEC g #HICOUTIMI 
   8 3HI 3 7ANG ( 3UN AND *2 "AKER 3OFT -ATTER   
    $ 3HENOY 7 &U * ,I # #RASTO ' *ONES # $IMARZIO 3 3RIDHAR AND  
- !MIJI )NTERNATIONAL *OURNAL OF .ANAMEDICINE   	 
   # &RUIJTIER0yLLOTH 4OXICOLOGY   
   3 !NDRES 5NIVERSITm 0AUL 3ABATIER DE 4OULOUSE 
    !7 $ECHO AND 3. ,UOMA ,IMNOLOGICAL /CEANOGRAPHY    

    -, 6IDAL ! "ASSnRES AND *& .ARBONNE #OMPARATIVE "IOCHEMISTRY AND 
0HYSIOLOGY   # 
    0 'ONZALEZ - "AUDRIMONT ! "OUDOU AND *0 "OURDINEAUD "IOMETALS 
  
    * #HAN : (UANG -% -ERRI½ELD -4 3ALGADO AND -* 3TILLMAN 
#OORDINATED #HEMISTRY 2EVUE   
    2 (EUCHEL & 2ATKE /'EORGIEV - 3TARK - !GUET AND 7 3CHAFFNER 
%-"/ *OURNAL   
    3 0RAHARAJ 3 0ANIGRAHI 3 "ASU 3 0ANDE 3 *ANA 3 +UMAR'HOSH 
AND 4 0AL *OURNAL OF 0HOTOCHEMISTRY AND 0HOTOBIOLOGY ! #HEMISTRY 
DOIJJPHOTOCHEM
    6 -ARIE - "AUDRIMONT AND ! "OUDOU #HEMOSPHERE    

    9 0AN 3 .EUSS ! ,EIFERT - &ISCHLER & 7EN 5 3IMON ' 3CHMID 7 
"RANDAU AND 7 *AHNEN$ECHENT 3MALL   	 
    7( $E *ONG 7) (AGENS 0 +RYSTEK -# "URGER !*!- 3IPS AND 2% 
'EERTSMA "IOMATERIALS   
